Abstract. The Regional Economics Applications Laboratory (REAL) celebrated its 25th anniversary in 2014. That was 25 years to the day since Philip Israilevich and Geoffrey JD Hewings started a cooperative venture between the Federal Reserve Bank at Chicago and the University of Illinois at Urbana-Champaign (UIUC). Since then, REAL has become one of the leading research centers of regional science worldwide. In this paper, we describe the scholarly network involving REAL's alumni working in academia in Brazil. We analyze the patterns of research collaboration among around 50 Brazilian researchers whose main activities are related to academic institutions in Brazil. The Brazilian REAL Network has shown to be an interesting case study that reflects the pattern of evolving collaboration networks in scientifically emerging economies. The expansion of the REAL scientific collaboration network in Brazil arises as a relevant mechanism for both the qualitative leap of national scientific production in regional science and for the dissemination of knowledge in peripheral regions of the country. Conducted under the leadership of Geoffrey JD Hewings, it has helped to further develop regional science in the country. We also present some of the developments in areas of research in regional science of particular interest to Brazil and other developing countries, taking stock of some of the network's contributions to the field.
Introduction
Regional science has developed and flourished in the developed world. However, as recognized by Chatterji (2014) , it has much more potential applications to developing countries since those countries have stronger socioeconomic spatial diversity. Despite important developments of the field in countries such as Brazil, India, Indonesia, and, lately, China, its main journals have always been dominated by authors and themes from developed countries (Rey and Anselin, 2000; Suriñach et al., 2003; Royuela et al., 2006 Royuela et al., , 2008 . More recently, nonetheless, institutional efforts are being directed to strengthen the presence of the field in the developing world (Pyke et al., 2007; Capello, 2013) . Recognition of a broader international standing of regional science is especially important for its future development. 1 The first version of this paper was presented at the Regional Economics Applications Laboratory 25 th Anniversary Workshop, November 12, 2014, Washington D.C., USA. It has benefited from comments and suggestions from various participants of the meeting, to whom we are indebted. We are also grateful to Carlos R. Azzoni, Geoffrey JD Hewings, Alan Murray and Tomaz Ponce Dentinho for their suggestions on a previous version of the paper.
Brazilian case, describing recent developments of regional science in the country through the establishment of a network of scholars closely related to the Regional Economics Applications Laboratory (REAL), at the University of Illinois at UrbanaChampaign (UIUC). We claim that the growing presence of the discipline in Brazil, measured by the number of scientific publications by Brazilian scholars, is heavily influenced by proximity mechanisms embedded in the network.
From a broader perspective, the rapid growth of the world's scientific production is intimately associated with increased collaborative interaction among researchers, i.e., the typical organizational unity of science changed from single individuals for the establishment of research groups in all areas of knowledge. Understanding and identifying operating patterns of scientific networks become increasingly important for the formulation of science and technology (S&T) policies. One of the biggest challenges faced by S&T policymakers in Brazil is the diffusion of scientific excellence from research centers in the Southeast to research centers in other less privileged regions (Cruz and Chaimovich, 2010) . This challenge could be addressed more properly and efficiently by evaluating the perceptions that are inextricably linked to the establishment and operation of scientific collaboration in Brazil. Research collaboration is one of the main mechanisms for the dissemination of knowledge and is closely associated with a higher quality of scientific production.
The importance of geography in knowledge production, primarily its role in mediating interactions among Brazilian researchers in scientific collaborations, has been explored 3 in Sidone et al. (2014) . The authors provide evidence that geographic proximity plays an important role in determining inter-regional collaboration. While geographic proximity facilitates face-to-face interactions that enhance collaboration, other forms of proximity are also important. 3 For instance, while cognitive proximity is reflected in a shared knowledge base that is fundamental for interactive learning, organizational proximity helps fostering knowledge creation through organizational arrangements that reduce transaction costs. Institutional proximity allows actors of a network to share the same institutional framework, both formal (laws and rules) or informal (values, norms and cultural habits), potentially fostering collaboration. Social proximity, in turn, can be defined by the intensity in which two researchers have friendly relations with each other. The intensification of friendly relations can facilitate interaction by creating trust between researchers, which is essential in the continuity of complex research projects (Frenken et al. 2009 ). We show in this paper that the recent development of the field of regional science in Brazil has benefitted, to different degrees, from these different forms of proximity. We illustrate how these different facets of proximity successfully operated in the process of building a network of regional scientists in a developing country.
We use as our case study the transnational experience related to the Regional In what follows, we describe the scholarly network involving REAL's alumni working in academia in Brazil. We analyze the patterns of research collaboration among around 50 Brazilian researchers whose main activities are related to academic institutions in Brazil. We first define, in section 2, the core of the network through the genealogy of Geoffrey JD Hewings' Brazilian PhD students. We then provide, in section 3, a brief description of the database on Brazilian REAL's alumni scientific production and collaboration. After that, we present the main characteristics of the endogenous and exogenous scientific collaboration networks involving those alumni. Concluding remarks follow in the last section, where we present some of the developments in areas of research in regional science of particular interest to Brazil and other developing countries, taking stock of some of the network's contributions to the field.
Genealogy: The Brazilian Branch
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It is fair to say that the Brazilian branch of Geoffrey JD Hewings' academic tree is heavily rooted in the perennial influence of Professor Werner Baer in the shaping-up of economics graduate studies in Brazil. The partnership between the two scholars has been fundamental to the maintenance of a regular flow of Brazilian visitors to REAL.
As attested by Azzoni (2010) It is interesting to notice that, after a group of first-generation participants in the program (Hewings' academic grandchildren) , a group of second-generation students (academic great-grandchildren) already appeared ( Figure 1 ). 
Brazilian REAL Scientific Collaboration Database
The data used in our analysis were extracted from information available in the Lattes curricula vitae (CV), a part of the CNPq Lattes Platform, which consists in an (CNPq, 2014) . 8 The public availability of CV information and research groups via web and the utilization of such information by universities stimulate the correct insertion and veracity of published data, which became the national standard system to the registry of scientific community academic and professional activities.
Therefore, the establishment of a real incentive mechanism to fill and correct update of information provided credibility and international recognition to the Lattes system, a successful model to be internationally followed (Lane, 2010) .
The CVs are publicly available on the Lattes Platform web portal (CNPq, 2014), though, despite the immediate access to individual information, the portal does not enable systematic access to the entire database. Thus, the effort in gathering information is the main obstacle to the analysis of a large amount of data, making it necessary to automate this process.
We have used the scriptLattes (Mena-Chalco and Cesar-Jr, 2009) to extract automatically the information from 48 REAL's alumni registered in the platform (see Table A .1 in the Annex). 9 For our purposes, scriptLattes was also used to establish links between pairs of researchers, checking whether there was a shared scientific production between them publicized in their CVs. The procedure is based on a search of similarities from the direct comparison between the titles of publications registered in the CVs.
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More precisely, the coauthorship identification and counting were performed from information contained in only two specific fields of the CV: papers published in peer-8 The Lattes Platform consists of a comprehensive system of curriculum information of researchers, teachers, students and professionals from all knowledge areas and has crucial importance in planning, management and operation of the federal funding agencies, the foundations of science support, universities and research institutions, mainly to provide reliable information for the analysis of researchers merit and competence, evaluation of postgraduate programs and analysis of claims for funding (CNPq, 2014) . 9 The report was generated using the scriptLattes V.8.10, developed at NUVEM/UFABC and CCSL-IME/USP by Jesús P. Mena-Chalco and Roberto M. Cesar-Jr. The complete report can be accessed at http://professor.ufabc.edu.br/~jesus.mena/ REAL-1989 REAL- -2013 In the social network analysis, each researcher is represented by a node and the detection of coauthorships relations among them is represented by a connection between nodes (edge). After the coauthorship identification, the links among researchers were accounted by means of the full-counting process, in which each unit of analysis (authors) receives one unit of collaboration for its participation in publications (Scherngell and Barber, 2011) .
This procedure generated the database to create the endogenous collaboration network.
We have then extended the database by including the collaborations with other REAL researchers that are not registered in the Lattes Platform. Thus, an extended endogenous collaboration network was created.
Finally, we have run the scriptLattes to look at the collaborations involving the REAL's alumni with all their coauthors -those registered in the Lattes Platform -, generating the exogenous collaboration network. In what follows, we characterize the three networks derived from the database.
11 Compared to the total number of publications (7, 351, 957) contained in all the CVs in the Lattes Platform (1,131,912), the "location quotient" of publications by scholars pertaining to the REAL network is 3.4, suggesting a much higher productivity than the average Brazilian scholar. 
Endogenous Collaboration Network
We have identified 51 Brazilian REAL's alumni, 48 of them are registered in the Lattes Platform. Over time, the number of new REAL members from Brazil increased from 6, in the period 1989-1998, to 11 in 1999-2003 and in 2004-2008, reaching Nodes are sized based on the authorRank 14 (Liu et al., 2005) -1993 1994-1998 1999-2003 2004-2008 2009-2013 12 associated, to different degrees, to the activities of the University of São Paulo Regional and Urban Economics Lab (NEREUS), and the Institute of Economic Research
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Foundation (FIPE).
This case study provides a clear example of the possibility of interaction among different dimensions of proximity over time. Initial geographic proximity at REAL has favored the development of a larger cognitive and social proximity that allowed researchers to continue to work effectively even when they moved to other institutions in their home country. Thus, while geographic proximity is necessary in many forms of scientific interactions, it is expected that it will become less important in cases in which researchers build stronger social networks.
13 We can also redesign the network in order to identify its main clusters more clearly.
Belter (2012) mentions that a visual representation, or "map", of the entire network can be created once the network is constructed. In laying out the map, each node is positioned between other nodes to which it is connected by edges. This means that the absolute position of a node on the map is not meaningful, but its relative position is.
Nodes that are more closely related are placed near each other, while nodes that are less related are placed farther away. In Figure 8 , three main clusters emerge: (i) a cluster identified with three strong nodes (Domingues-Haddad-Perobelli) that includes Finally, we can examine the geographical aspects of the Brazilian REAL network. We adopted the same procedure as in Sidone et al. (2014) . We considered the Brazilian municipalities as our geographical unit of analysis. However, instead of locating the coauthors from their addresses informed in the publications (or with the aid of complementary databases), we used the direct information about the professional 17 addresses of researchers reported in each CV. 15 Figure 9 shows the map with the collaboration flows for the complete period , revealing a relatively widespread geographical coverage, despite the polarization from the Southeast. Obs. Blue nodes refer to Brazilian REAL's alumni; red nodes refer to REAL researchers outside Brazil;
green nodes refer to external collaborators. 15 Researchers whose locations were not reported in their CVs were excluded from the sample.
Figure 8. Clusters in the Exogenous Collaboration Network, Papers in Peer-
Reviewed Journals and Chapters in Books, 1989-2013
Obs. Blue nodes refer to Brazilian REAL's alumni; red nodes refer to REAL researchers outside Brazil;
green nodes refer to external collaborators.
Figure 9. Geographical Distribution of Exogenous Collaboration, 1989-2013
Obs. Blue nodes refer to Brazilian REAL's alumni; green nodes refer to external collaborators -it includes all types of publication.
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Accomplishments and the Road Ahead
In scientifically emerging economies with large territorial extensions, such as the case of Brazil, it is expected that, parallel to an increase in international scientific collaboration, an expansion of domestic collaboration networks from nodes located in centers of national excellence emerges. It is a different situation from that of the smaller or less developed European countries for which international collaborations are practically unavoidable and respond, in some cases, by more than 90% of the scientific output. In those economies, the accelerated growth production is directly associated But what have we learned so far? A partial qualitative assessment of the publication patterns associated with the network may elucidate part of the sense of the scientific embedded in the research outcomes. 17 As many developing countries, Brazil is characterized by strong regional inequalities. Many studies have looked at the evolution of regional inequality in Brazil with special attention to spatial effects. Given the country's territorial size and public availability of regional-level databases, Brazil became a laboratory for testing several of the facets of the Solow model in a subnational context (Azzoni, 2001; Azzoni and Servo, 2002; Azzoni and Silveira-Neto, 2005; Cravo and Resende, 2013; Ferreira, 2000; Laurini et al., 2005; Lima and Resende, 2007; Magalhaes et al., 2005; Mossi et al., 2003) . The existence of a persistent regional dualism, in which spatial spillovers are very important, is one of the most robust results of these studies. Geography has been shown to play an important role also in the drivers of regional growth. Regional efficiency of manufacturing sectors, for instance, independent of their technology-intensity, is heavily affected by neighborhood effects (Schettini et al., 2011) . Spatial spillovers are also important in determining regional innovative capacity and technology diffusion in Brazil (Gonçalves and Almeida, 2009 ).
Demography influences the economic environment either through income inequality across individuals or through the possible influence of demographic characteristics on economic growth, with important effects on the process of convergence across Brazilian regions (Menezes et al., 2012) . The existing uneven spatial distribution of demographic indicators that are deemed important to understand the current and future levels of welfare of a region (e.g. infant mortality) may, however, be improved by investments in health infrastructure, with more likely impacts in the long-run (Barufi et al., 2012) .
Since the late 1980s until recently, the agreed agenda for Brazil included the competitive integration of the country in the global trade network, with additional domestic concerns focused on sustainable stabilization and social cohesion. This implied the attraction of foreign investments and a responsible (balanced) budget policy for all levels of government, reinforced by the promulgation of the "Lei de
Responsabilidade Fiscal" (Fiscal Responsibility Law) in 2000. The latter restricted regional policies based primarily on re-distributional expenditures, as was the case in the 1970s (Haddad, 1999) . The research undertaken in the last two decades by regional scientists in Brazil refer to this context of policies in such areas as macroeconomic stabilization, economic opening with respect to both trade and investment, and the expansion of market forces within the domestic economy, common to many developing countries that embraced the "Washington Consensus".
Studies have shown that the interplay of market forces in the Brazilian economy tends to favor the more developed regions of the country. Regional repercussions of trade liberalization policies, including the creation of Mercosur, were very likely to increase regional inequality in the country (Guilhoto and Fonseca, 1998; Haddad et al., 2002 . The future of Mercosur, in turn, brings challenges for Brazilian regional economies as specific rules for the free trade area (FTA) seem to overcome the usual effects of relative competitiveness associated with movements in relative prices .
Regional governments in Brazil continued to adopt tax incentive programs to attract private investments to their jurisdictions. The case of the automobile industry deserved special attention of regional scientists. New investments were attracted in the late 1990s
and early 2000s by policies implemented by the Brazilian government, which has played an active role in negotiations with foreign investors in the country. During this period, state governments have engaged in strong competition for the incoming capital through fiscal incentives. It has been documented that the regional dualism in Brazil is also associated with a strong productive dependence of the less developed regions on the more developed regions (Guilhoto et al., 2002) . This poses a very real danger that the benefits of new inward investments are not fully internalized by the states that seek to instigate them. In this regard, from a regional perspective, it is important that effective strategies are devised which minimize this risk (Amann et al., 2007; Perobelli et al., 2007) . Moreover, investments in the poorer regions, which tend to be more beneficial to the improvement of regional imbalances in the country, do not generate the same level of national growth as investments in the more developed, denser areas that benefit from agglomeration economies (Haddad and Hewings, 1999) . Specialized structures of production are also important features of regional economies, even in more developed states, that help understanding the local impacts of regional tax incentives (Porsse et al., 2007) .
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Even though fiscal incentives continued to play a role in attracting capital to the regions, for private investors the search is dominated by attention to maximal financial returns with little concern for regional equity; location is defined on a purely economic basis. A stream of research has looked at the implication of investors' rationale to location of investments in Brazil. While Silva and Hewings (2012) attempted to understand, from a theoretical perspective, the role played by the internal organization of the firms, other authors addressed important empirical features of the Brazilian economy, common to many developing countries, such as financial constraints and volatility of the business cycle (Kalatzis et al., , 2011 . The results reveal that, in the Brazilian case, there are significant differences across regions in the importance of investment determinants, bringing relevant insights for the design of regional policies in the country .
With the improvement of the perception on Brazil's economic prospects by the international community, after the consolidation of the stabilization program implemented in the mid-1990s, the country's efforts to attract major international events -which also included strong commitments of public resources -have paid off. After foreign visitors, the analysis carried out for the Brazilian economy has shown that the total impact of domestic tourist expenditure could be approximated by a zero-sum game at the national level but not necessarily at the regional level. Most important, domestic tourism seems to play a non-distortionary role to improve regional inequality in Brazil .
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One important area of regional science research in Brazil relates to the development of large-scale integrated modeling systems for impact analysis. By inserting a core CGE in a broader modeling framework, Brazilian scholars have been able to suppress some of the shortcomings of isolated models. Applications for transportation policies have dealt with market imperfections in the Brazilian spatial economy, by introducing nonconstant returns and non-iceberg transportation costs in an interregional CGE model integrated with a GIS transportation network model (Haddad and Hewings, 2005 Despite still fettered to the reins of the perfectly competitive modeling paradigm, Almeida et al. (2010) add to the previous results revealing that, methodological differences aside, the evidence about the nature of the relationship between the provision of transport infrastructure and regional equity is controversial due to a fundamental characteristic associated with this issue. In other words, even with the same theory or model, method, and its specification, one may continue to obtain different results about this relationship. This outcome arises because this relationship crucially depends on where the transport infrastructure is located. In addition to methodological considerations, there seems to exist authentic spatial reasons that might yield controversial results. Indeed, transport infrastructure is strongly region-dependent. The spatial structure of the provision of transport infrastructure matters in this question,
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playing a fundamental role in determining its effects on the economic system, as shown in a model developed for the State of Minas Gerais, Brazil.
Large-scale integrated modeling systems have also been developed for regional impact analysis of energy policies in Brazil (Santos et al., 2013) . Simulations of the long-run regional impacts of electric power tariff policy in Brazil showed that the heterogeneity of energy-intensity and the differentials of energy substitution drive the spatial impacts of changes in electric power prices. On the other hand, the recent trend of spatial dispersion of electric power prices might contribute to a decrease in the long-run economic growth and to an increase in the regional inequalities in Brazil.
Since the 1990s, the energy sector in Brazil has been the subject of a variety of reform initiatives that are changing the market structure and the energy price levels. These reforms were also triggered by the implementation of neoliberal policies in the Brazilian economy. Energy policy in the country has stimulated energy diversification to increase the inter-fuel substitution. Some studies have attempted to understand the new patterns of sectoral and regional consumption of energy that emerged in the country (Perobelli and Oliveira, 2013; Carvalho et al., 2013) . Emphasis on renewable energy has implications for food security in the country, since biofuels production in Brazil rely heavily on processing sugarcane. There is an ongoing debate on the risks associated with diverting farmland or crops for biofuels production to the detriment of the food supply. The expansion of sugarcane growing in Brazil, spurred particularly by increased demand for ethanol, has triggered the need to evaluate the economic, social, and environmental impacts of this process, both on the country as a whole and on the growing regions. Despite some evidence that the presence of sugarcane growing in these areas is not relevant to determine their social conditions (Chagas et al., 2012) , positive demand shocks upon the sugarcane agro-industry does produce a greater income impact upon the less developed region of the country (North) compared to the Center-South (Costa et al., 2006; Martínez et al., 2013) .
In the context of the fiscal adjustment process of the 1990s, the role of the central government in stimulating directly productive activities has been replaced by strategies of socio-economic inclusion. Seemingly non-spatial government policies in the form of spatially blind social programs played an important role in the recent decline in regional 26 income inequality in Brazil (Silveira-Neto and Azzoni, 2011, 2012) . However, regional inequality continues to be very high in Brazil, and this issue will continue to be in the research agenda for many years to come. Important components of income and, especially, wealth inequality are still unknown in the Brazilian case. The distribution of property rights and rents on natural resources in Brazil need to be better understood (Goeschl and Igliori, 2006) . Furthermore, a more complete picture of income and wealth distribution is still needed. As it has been shown by Piketty (2014) , there can now be no doubt that the phenomenon of inequality is not dominantly about the inadequacy of the skills of lagging workers. Understanding the process of wealth accumulation across regions may change drastically our prescriptions of regional policies.
There are many other important challenges for regional economies in the developing world that will also shape the future research agenda in the field. "Local" and "global" phenomena can illustrate two promising research areas to be further developed in Brazil.
Brazil, as many development countries, experienced a rapid process of urban expansion around the CBD of its main cities that was not followed by the implementation of adequate infrastructure, causing important urban problems (Haddad and Nedović-Budić, 2006; Menezes et al., 2013; Silveira-Neto et al., 2015) . Recent experimentation with integrated modeling of metropolitan systems in Brazil has proved relevant for assessing the consequences of apparently local phenomena related to the city of São Paulo: floods (Haddad and Teixeira, 2015) and local transportation infrastructure . The key message is that one needs to consider interactions both inside and outside a prime metropolitan system to recognize the role it plays in an integrated interregional system. The lack of redundancy in the economic infrastructure of developing countries, i.e. the inability to have alternatives to solve problems of logistics, communications or energy in the advent of unexpected events, poses interesting research questions for regional scientists in Brazil.
As an example of a global phenomenon, ongoing global climate change will have potential consequences for the competitiveness of regions in the future. Resourceoriented activities, such as agriculture, mining, timber, etc., and the related processing 27 industries, deal with different restrictions as compared to footloose activities. The immediate impact of climate change will very likely be more intense in activities more dependent on nature. However, the repercussions of these effects will be felt also in other sectors, thus affecting the compositions of regional income, of household consumption, with influence on the tertiary sector of the main cities in the region, and finally reaching the industrial sectors supplying the regional demand. Thus, it is expected that the initial stimuli from natural resource-based industries will eventually result in major changes in the economy of the region as a whole (Azzoni and Haddad, 2012) . In Brazil, the most vulnerable regions to climate change are the traditionally less developed areas of the country: the Amazon and the Northeast (Barbieiri et al., 2010) . This is a challenging interdisciplinary research area, bringing various challenges for regional scientists in the country. It could provide opportunities in the form of increased integration between institutions, more accurate data through information sharing and interdisciplinary approaches, and a greater understanding of the potential impacts of climate change in Brazil to ensure the most effective response by the relevant political, economic and social sectors.
In sum, research topics developed by scholars involved in the Brazilian REAL network mainly address concerns with the analysis of regional problems in Brazil using the tool kits in regional science ( Figure 10 ). There is, nonetheless, increasing collaboration with scholars in other parts of the developing world (Haddad et al., 2009 , Haddad, 2014 Perobelli et al., 2010) . The Brazilian experience has been proved relevant to be shared with other countries that face similar problems. Brazilians seem to have embraced the field seriously -by applying and amending the available tools to analyzing concrete problems of the Brazilian economy -, since, according to the founder of regional science, it "concerns the careful and patient study of social problems with regional or spatial dimensions, employing diverse combinations of analytical and empirical research" (Isard, 1975, p. 2) . Obs. This image was generated by wordle.net.
